T , representing a novel Gram-stain-negative, obligately aerobic, bacteriochlorophyll a-containing bacterium of the a-4 subgroup of the phylum Proteobacteria, was isolated from permafrost soil of Kunlun mountains gap, Qinghai-Tibet plateau. Cells were non-motile rodcocci and formed brown-pigmented colonies. According to the absorption spectrum, carotenoids and two different photosynthetic light-harvesting complexes, an LHI complex and a B800-835-type peripheral LHII complex, were present in the cells. The strain was oxidasenegative and catalase-positive. The predominant fatty acids of strain D40P
The genus Polymorphobacter, a member of the family Sphingomonadaceae, order Sphingomonadales, class Alphaproteobacteria, was first proposed by Fukuda et al. (2014) . The only species of the genus Polymorphobacter was found in Antarctica where the climate, with its extreme cold, dryness, strong winds, seasonally strong UV radiation and low concentration of organic materials, makes it difficult for most organisms to sustain life (Fukuda et al., 2014) . However, the finding of the novel genus indicates that microorganisms can survive in such extreme environments.
In 2009, we isolated a number of bacterial strains including strain D40P
T from samples collected at an altitude of 4697 m north of the Kunlun Pass Basin (358 409 N 948 39 E) in the Qinghai-Tibet plateau. At the sampling site, the mean annual air temperature was about 26.5 to 5.0 8C, and the mean annual ground temperature was about 21.8 to 21.0 8C. Strain D40P T was isolated, using the standard dilution plating method on modified PYGV agar (Vishnivetskaya et al., 2000) at 10 8C. Subsequently, the strain was cultivated at 25 8C and preserved as 15 % (v/v) glycerol suspensions at 280 8C.
The nearly complete 16S rRNA gene sequence (1452 bp) of strain D40P
T was obtained as previously described . The identification of phylogenetic neighbours and the calculation of pairwise 16S rRNA gene sequence similarities were performed using the EzTaxon-e server (Kim et al., 2012) . Multiple sequence alignments were performed with the CLUSTAL W program (Thompson et al., 1994) . Phylogentic trees were reconstructed on the basis of 16S rRNA gene sequence analysis using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Kishino & Hasegawa, 1989) and maximum-parsimony (Fitch, 1971) algorithms in the MEGA 5 software package (Tamura et al., 2011) with 1000 bootstrap replications (Felsenstein, 1985) . On the basis of 16S rRNA gene sequence analyses, the 16S rRNA gene sequence of strain D40P
T showed the highest level of sequence similarity with Polymorphobacter multimanifer (97.5 %), followed by Sandarakinorhabdus limnophila (95.6 %). DNA-DNA hybridization between strains D40P T and P. multimanifer was carried out using a fluorimetric method according to Gonzalez & Saiz-Jimenez (2005) . DNA-DNA relatedness (DT m ) between strain D40P T and P. multimanifer was 12.4 8C, greater than the 5 8C considered as a threshold for species circumscription (Wayne et al., 1987; Rosselló -Mora & Amann, 2001 ), suggesting they represent separate species. The overall topology of the maximum-likelihood tree ( Fig. 1) For measurement of the G+C content of chromosomal DNA, the genomic DNA of strain D40P
T was extracted, purified and analysed using the thermal denaturation temperature method. The DNA G+C content of strain D40P T was 67.4 %, similar to the value for P. multimanifer (68.0 mol%).
Cell morphology was observed by transmission (JEM-2100 JEOL) and scanning electron microscopy (SU1510, Hitachi), with cells grown for 5 days at 25 8C on R2A agar plates (Difco). Gliding motility was determined as described by Bernardet et al. (2002) . Gram staining was performed as described by Buck (1982) . Growth was tested on R2A, trypticase soy agar (TSA; Difco) and Luria-Bertani agar (LB; Difco) at 25 8C for 7 days. Optimal temperature for growth was determined at 4, 10, 15, 20, 25, 30, 35, 37 and 40 8C in R2A broth with 7 days of incubation. The optimal pH for growth was tested in R2A broth at pH 4.5-10.0 (at intervals of pH 0.5) by using the following buffer system: pH 4.0-5.0, 0.1 M citric acid/0.1 M sodium
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Polymorphobacter multimanifer citrate; pH 6.0-8.0, 0.1 M KH 2 PO 4 /0.1 M NaOH; pH 9.0-10.0, 0.1 M NaHCO 3 /0.1 M Na 2 CO 3 ; pH 11.0-12.0, 0.05 M Na 2 HPO 4 /0.1 M NaOH. Salt tolerance of strain D40P T was also measured using R2A broth containing 0-5 % NaCl (w/v, at 0.5 % intervals) at 25 8C for 7 days. Growth turbidity was recorded by using a spectrophotometer (600 nm; UV-2450, Shimadzu). Sensitivity of the strain to antibiotics was tested by the disc diffusion method on R2A plates as described previously (Han et al., 2014) . Oxidase capacity and catalase activity were investigated as previously described (Tian et al., 2015) . Growth under anaerobic conditions was investigated as described previously . Additional physiological tests, including enzyme activities and carbon source assimilation, were performed using API 20NE, API 20E, API 50 CHB and API ZYM kits (bioMérieux) according to the manufacturer's instructions, except that results were read twice, after 24h and 3 days of incubation at 25 8C.
Cells of the novel strain D40P
T were Gram-stain-negative, obligately aerobic, non-spore-forming, non-motile and rod-cocci-shaped (about 0.4-0.560.7-1.0 mm). Colonies were tiny, smooth, circular and coloured brown after 7 days of growth at 25 8C on R2A agar. Growth of strain D40P
T occurred on TSA, PYGV and R2A agar, at 4-35 8C and pH 7.0-10.0, optimum growth occurred at 25 8C and pH 8.0. It did not require NaCl for growth but could tolerate up to 2 % (w/v) NaCl. Strain D40P T was found to be susceptible to polymyxin B, vancomycin, midecamycin, erythromycin, minocycline, doxycycline, neomycin, acheomycin and kanamycin, and resistant to ciprofloxacin, ofloxacin, gentamicin, amikacin, ceftriaxone, ceftazidime, cephalexin, carbenicillin, clindamycin, chloramphenicol, furazolidone, sulfamethoxazole/trimethoprim, norfloxacin, acheomycin, cefoperazone, cefuroxime, cefradine, piperacillin, ampicillin, oxacillin and penicillin. Detailed results of physiological and biochemical analyses are given in the species description and selected characteristics that differentiate strain D40P
T from related taxa are given in Table 1. For cellular fatty acid analysis, cells of strain D40P
T and reference strains were harvested from the third quadrant on R2A plates after incubation at 25 8C for 7 days, according to the MIDI Technical Note 101 (http://www.midi-inc. com/pdf/MIS_Technote_101.pdf). Cells were saponified, methylated and extracted according to the protocol of MIDI (Sherlock Microbial Identification System, version 6.1). The fatty acids were analysed by GC (7890A GC system, Agilent Technologies) and identified using the TSBA6 database of the microbial Identification System (Sasser, 1990) . Cell mass for extraction of respiratory quinones and polar lipids was harvested from R2A broth after incubation at 25 8C for 7 days and freeze-dried. Respiratory quinones were purified by TLC and identified by HPLC according to the methods of da Costa et al. (2011a) . Polar lipids were separated by two-dimensional TLC and identified by spraying with molybdophosphoric acid (total lipids), molybdenum blue (phospholipids), ninhydrin (lipids with free amino groups) and a-naphthol-sulfuric acid (glycolipids), according to the methods of Minnikin et al. (1984) and da Costa et al. (2011b) .
The major fatty acids (.10 % of the total fatty acids) detected in strain D40P
T were summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 29.4 %), C 17 : 1 v6c (25.7 %) and summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c; 15.4 %), similar to those of the reference strains in that the common major fatty acids were summed feature 3 and summed feature 8; however, there were clear differentiations in the proportions of some fatty acids ( Table 2 ). The major respiratory quinone was ubiquinone-10, whereas ubiquinone-9 was present in smaller amounts in line with members of the genera Polymorphobacter and Sandarakinorhabdus. The polar lipid profiles of strain D40P
T and the reference strains are shown in Fig. S3 . Strain D40P
T contained phosphatidylethanolamine, phosphatidylglycerol, unidentified phospholipid, two unidentified glycolipids and sphingoglycolipid.
Carotenoids and bacteriochorophyll (BChl) a were investigated according to the method of Gich & Overmann (2006) . Absorption spectra of whole cells in sucrose (Fig. 2) were similar for the three strains and exhibited maxima at 430-490 and 800-865 nm. The absorption spectra of strain D40P T had major maxima at 430, 455 and 490 nm (indicating the presence of carotenoids),5 and at 801 and 855 nm with the shoulder at 835 nm, characteristic of two different photosynthetic light-harvesting complexes, LHI (855 nm) and a B800-830-type LHII (801-835 nm) (Gich & Overmann, 2006) . The results indicate that the kinds and amounts of carotenoids and BChl a in strain D40P
T are the same as those in P. multimanifer and S. limnophila.
On the basis of phenotypic and chemotaxonomic data, strain D40P
T shows high similarity with P. multimanifer and S. limnophila. But on the basis of the results of genetic analysis, we can conclude that strain D40P T belongs to the genus Polymorphobacter. However, some obvious differences show that strain D40P
T represents a novel species in the genus Polymorphobacter, for which the name Polymorphobacter fuscus sp. nov. is proposed.
Emended description of the genus Polymorphobacter
The description is as given by Fukuda et al. (2014) with the following emendations. Cells contain three kinds of carotenoids and two different photosynthetic light-harvesting complexes, LHI (855 nm) and a B800-830-type LHII (801-835 nm).
Description of Polymorphobacter fuscus sp. nov.
Polymorphobacter fuscus (fus9cus. L. masc. adj. fuscus brown, referring to the colour of the colonies).
Cells are Gram-stain-negative, obligately aerobic, nonspore-forming, non-motile and rod-cocci-shaped (about 0.4-0.5|0.7-1.0 mm). Growth occurs on TSA, PYGV and R2A agar. Colonies are tiny, smooth, circular and coloured brown after 5 days of growth at 25 uC on R2A agar. Growth occurs at 4-35 uC and the optimum growth temperature is 25 uC. The pH range for growth is pH 7.0-10.0 (optimum pH 8.0). It does not require NaCl for growth but can tolerate up to 2% (w/v) NaCl. Positive for catalase. Positive results for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, chymotrypsin, acid phosphatase, valine arylamidase, cystine arylaimidase and naphthol-AS-BI-phosphohydrolase; and negative results for lipase, trypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase, a-fucosidase and N-acetyl-b-glucosaminidase. Assimilates aesculin; but negative for nitrate reduction, cytochrome oxidase, gelatin dihydrolase and urease activities and assimilation of potassium gluconate, tryptophan, glucose, arginine, p-nitrophenyl-b-D-glucopyranoside, arabinose, mannose, mannitol, Nacetylglucosamine, maltose, caprate, adipate, malate, citrate and phenylacetate. Acid production from D-xylose, D-galactose, aesculin ferric citrate and potassium 5-ketogluconate;
dulcitol, inositol, D-mannitol, D-sorbitol, methyl a-D-mannopyranoside, methyl a-D-glucopyranoside, N-acetylglucosamine, amygdalin, arbutin, salicin, cellobiose, maltose, lactose (bovine origin), melibiose, sucrose, trehalose, inulin, T and type strains of related taxa
Strains: 1, D40P T ; 2, P. multimanifer JCM 18140 T ; 3, S. limnophila DSM 17366 T . All data are from this study unless otherwise indicated. +, Positive; 2, negative; W, weakly positive; ND, no data available. All strains shown are positive for catalase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, chymotrypsin, acid phosphatase, valine arylamidase, cystine arylaimidase, naphthol-AS-BI-phosphohydrolase and utilization of aesculin; negative for lipase, b-galactosidase, b-glucuronidase, b-glucosidase, a-mannosidase, a-fucosidase, a-glucosidase, N-acetyl-b-glucosaminidase, utilization of tryptophan, mannitol, potassium gluconate, caprate, adipate, malate, citrate and phenylacetate, and acid production from glycerol, erythritol, Fukuda et al. (2014) and Gich & Overmann (2006) . DDifferent results were reported by Fukuda et al. (2014) and Gich & Overmann (2006 *Summed features represent groups of two or three fatty acids that cannot be separated with the MIDI system. Summed feature 3 contained C 16 : 1 v7c and/or C 16 : 1 v6c; summed feature 8 contained C 18 : 1 v7c and/or C 18 : 1 v6c; summed feature 4 contained anteiso-C 17 : 1 B and/or iso-C 17 : 1 I. 
